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Abstract: Beech (Fagus orientalis Lipsky) forest covers about 565,000 
ha of land in Guilan province, north of Iran and forms a major carbon 
pool. It is an important economic, soil protection and recreation resource. 
We studied long-term effects of fire on the structure and composition 37 
years after fire occurrence in these forests. To do this research, we se¬ 
lected 85 ha burned and 85 ha unbumed beech forests). The results indi¬ 
cated that the fire had not changed the overall uneven-aged structure, but 
it changed forest composition from pure stands to mixed stands that now 
include species such as Carpinus betulus, Acer cappadocicum and Alnus 
sub cor data. The density of trees and regeneration was significantly in¬ 
creased, while the density of shrubs significantly decreased. The main 
reasons for increased tree regeneration were attributed to (1) reduction of 
litter depth, and (2) increase in available light from opening of the can¬ 
opy and reduction in shrub competition. It is apparent that the forest is on 
a path to return to its natural state before the fire after 37 years. 

Keywords: fire, structure, composition, regeneration, beech forest, Gui¬ 
lan Province 

Introduction 

The total area of forest in Iran is 12 million ha, accounting for 
8% of the total land area of Iran. Approximately 1.8 million ha of 
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these forests are located in northern Iran (i.e., the Hyrcanian 
Forests) on the northern slopes of the Alborz Mountains over¬ 
looking the Caspian Sea (Sagheb-Talebi et al. 2004). About 1.2 
million ha of these forests are commercial and the other parts are 
protected or conservation forests. Forests of northern Iran that 
are located in Hyrcanian regions are known as Hyrcanian forests. 
Hyrcanian forests are of the broadleaf deciduous type, with local 
inclusions of Mediterranean forest types. Distributions of forests 
in Hyrcanian are not homogeneous, and forest productivity (in 
terms of growth rates) decreases from west to east. Forests of the 
Guilan Province are located in the western part of the Hyrcanian 
forest region. Caspian forests (Hyrcanian forests) have appar¬ 
ently a high similarity to broadleaf forests of central Europe, 
north of Turkey and Caucasus (Mohadjer 2006). The dominant 
species in the northern forests of Iran is beech (Fagus orientalis 
Lipsky). Beech forests are the richest forest community in Iran 
because they are both economically and environmentally valu¬ 
able. The greatest forest volume occurs in Iran's beech forests 
(Taheri and Pilehvar 2008). 

Forests dominated by beech (F. orientalis ) species cover about 
565 thousand hectares of land and account for the total area of 
indigenous forest in Guilan. The beech forest thus forms a major 
carbon pool (Hall et al. 2001) and is an important economic, soil 
protection and recreation resource (Wardle 1984). Guilan beech 
species are poorly adapted to fire and even low temperature 
bums can lead to forest destmction. Beech biology, ecology and 
forest history lead to the hypothesis that the elimination of the 
beech canopy shading by fire, concurrent with the burning of the 
allelopathic litter, may create an opportunity for tree species 
diversity (van Gils et al. 2009). 

Disturbances can cause major changes in plant communities 
depending on their intensity, extent, frequency, seasonality, and 
the resilience of the component species (Levin and Paine 1974; 
Connel 1978; Huston 1994; Grime 2001; Ross et al. 2004; 
Coates et al. 2006; Herath et al. 2009). Fire is one of the most 
important disturbance factors in natural ecosystems throughout 
the world (Moretti and Barbalat 2004) and prescribed fire plays a 
key role in natural resource management (Keeley et al. 2003; 
Huang et al. 2007; Yang et al. 2008). Fire disturbances often help 
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to maintain plant species diversity (Gill 1981; Bell et al. 1984. 
Fox and Fox 1986b; Lamont et al. 2001; Blackhall, et al. 2008), 
and in fact, fire disturbance is a major factor driving patterns of 
vegetation structure and composition in natural ecosystem (Whe¬ 
lan 1995; Gonzales-Tagle et al. 2008). The degree of change 
from pre-fire community to post-fire community is influenced by 
the intensity, severity, periodicity, and seasonality of the fire 
(Wright and Bailey 1982), as well as other factors like precipita¬ 
tion cycles (Anderson et al. 1968; Moore et al. 2006) and grazing 
patterns (Krueger and Winward 1974; Madany and West 1983; 
Zimmerman and Neuenschwander 1984). Fires in northern Iran 
normally occur in autumn when hot-dry winds and short periods 
of drought cause forest floor litter to dry. These are mostly sur¬ 
face fires that rarely exceed 10-30 cm in flame height under 
normal fuel and humidity conditions. Fire burns 300-400 ha of 
forest annually in these forests (Banj-Shafiei et al. 2010). 

Many forest studies have examined short-term changes in un- 
derstoty vegetation following a wildfire; however, very few 
long-term studies are available (Bataineh et al. 2006). Also, 
analyses of wildfire effects are rare because it is difficult to study 
random events with robust, replicated experiments (van Mant- 
gem and Schwarts 2001). Therefore, most studies of fire effects 
in forests have focused on prescribed burns that are more easily 
controlled and manipulated (e.g. Harris and Covington 1983; 
Armour et al. 1984; Andariese and Covington 1986; Reinhardt 
and Ryan 1988; Moreira et al. 2003; Fernandez-Abascal et al. 
2004). Knowledge about the effects of wildfire would greatly 
increase our understanding of the role of fire in forests and 
would help in management decisions concerning the appropriate 
application of fire (Laughlin et al. 2004). 

Despite the potential effects of fires burning in the most pro¬ 
ductive forest region in Iran, there has not been any study on fire 
impacts on forest structure, composition, and regeneration, which 
is fundamental to forest sustainability. Research on fire-caused 
changes on Guilan forests can provide information about forest 
vegetation after fire. Based on the information, forest managers 
can project future forest conditions, evaluate the desirability of 
allowing fires to burn, determine forest degradation due to fire, 
and formulate fire management plans. The aim of our study was 
to investigate the long-term impacts of natural fires on structure, 
composition and regeneration. Specific objectives focused on (1) 
fire effect on forest structure, (2) fire effect on density and spe¬ 
cies composition in the tree and shrub layer, (3) fire effect on 
regeneration? 

Materials and methods 

Study area 

The study area is located in the Zilaki, at Roudbar city in the 
south of Guilan province in northern Iran (36°54'30"to 36°56'6" 
N latitude and 49°46'24" to 49°51'17" longitude E) (Fig.l). Ele¬ 
vation within the study area ranges from 1010 to 1560 m a.s.l., 
(by means of Thommen altimeter), slopes are between 30% and 
40%, (by means of Suunto clinometer), and the general aspect is 
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north (by means of Suunto compass).. Common forest soils are 
deep brown, heavy texture, with weak acidic pH (6.2-6.8). Type 
of parent material is lime silt, sandstone, siltstone and shill. The 
maximum temperature is 29.27°C in August and minimum tem¬ 
perature is 2.74°C in February. In Hyrcanian forests, harvesting 
is most commonly done by the single-tree selection method. 
Although the area is under a forest management plan, there has 
not been any harvesting in the study area due to a lack of a forest 
road network. The forest is uneven-aged with a mixture of de¬ 
ciduous broadleaf species but Fagus orientalis Lipsky is domi¬ 
nant in the forests. A fire with high severity occurred in Decem¬ 
ber 1973, burning 85 ha of forest in seven days. 

Data collection 

This study included both burned (B) and unburned (UB) areas of 
85 hectares each. The UB area was located far from (ca. 100 m) 
the B area to avoid direct or indirect effects from the fire. The 
two areas had similar elevations, slopes and aspects. Within each 
of the study areas we used a random systematic 150 m x 200 m 
sampling grid to locate 30 circular plots (each plot is 1,000 m 2 ) 
resulting in a total of 60 plots (Fig.l). In each plot, we recorded 
environmental factors such as topographic aspect, slope percent¬ 
age, elevation, crown canopy percentage, herbal layer cover 
percentage, and species. Diameter at breast height (DBH) of 
those trees more than 7.5 cm in diameter was measured, and 
number of shrubs were counted. For the regeneration assessment, 
we used four subplots within each larger plot. Each subplot was 
25 m 2 and was located along one of the four cardinal directions 
within the larger plot. All seedlings and saplings were tallied as 
follows: Class 1 = height < 1.3 m, Class 2 = DBH < 2.5 cm, and 
Class 3 = 2.5 cm < DBH <7.5 cm. In each plot, litter depth at 5 
points was measured. Data collection was done in July 2010, 37 
years after the fire in 10 days. 

Data analysis 

The Kolmogorov-Smirnov test was used to evaluate the normal¬ 
ity of parameters. Non-paired t tests were used to compare data 
that were normally distributed. For parameters that were not 
normally distributed, the nonparametric Mann-Whitney U test 
was used. 

Results 

Tree layer 

There was a significant difference (p < 0.05) between the B and 
UB areas with regard to percentage of canopy cover, herbaceous 
percentage, number of trees per hectare, litter depth, mean DBH 
and basal area (Table 1). Percentage of canopy cover, litter depth, 
mean of DBH and basal area were greater in the UB area. On the 
other hand, percentage of herbaceous cover and number of trees 
per hectare were greater in the B area. There was not any signifi¬ 
cant difference between these two areas regarding the number of 
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dead trees. 
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Fig. 1 Study area map and location of plots 


Table 1. Characteristics of the study area 37 years after the fire 



Burned area 

Unburned 

area 

P 

Slope, % 

30.5 

33.1 

- 

Elevation, m 

1295.6 

1276.3 

- 

Canopy cover, % 

81.1 

86 

0.028* 

Herbaceous cover, % 

50.1 

47.4 

0.004* 

Stand density, trees/ha 

1023 

697 

0 . 000 * 

Dead tree, tree/ha 

178 

141 

0.553 

Leaf litter depth 

7.05 

8.82 

0.014* 

Mean DBH, cm 

20.2 

34.61 

0 . 000 * 

2 

total basal area, m 

44.43 

87.46 

0 . 000 * 


* An asterisk indicates a significant difference between means at the a = 0.05 
level 


The UB area had only Fagus orientalis , but the B area had 
four species including Fagus orientalis, Carpinus betulus, Acer 
cappadocicum and Alnus glutinosa (Table 2), although the dom¬ 
inant species was beech ( Fagus orientalis ), which accounted for 
97.5% of the trees. Mean DBH for any individual species was 
largest (55.6 cm) in the B area and occurred in Acer cappado¬ 
cicum. The smallest mean DBH for any species also occurred in 
the B area (19.7 cm) and occurred in Fagus orientalis , which had 
the greatest density (998 trees/ha) of any of the species in B or 
UB areas. Total number of trees in the B area was 1,023 com¬ 
pared to 697 trees/ha in the UB area. Overall Mean DBH in the B 
area was smaller (20.2 cm) than in the UB area (34.6 cm). 

In the B area, there were twice as many trees in the 10 to 30 
cm DBH classes as there were in the same classes in the UB area 
(Fig. 2). This relationship was reversed in the larger DBH clas¬ 
ses, where trees were more numerous in the UB area. The pre¬ 
dominance of trees in the B area (83.3%) occurred in the 10 to 30 
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cm DBH classes, where there was five times the number of trees 
compared to all other DBH classes. The largest tree DBH in the 
B area occurred in the 60 cm DBH class, whereas in the UB area, 
trees occurred in all DBH classes up to and including the 90cm 
DBH class. 


Table 2. Mean DBH (cm), total basal area, (m 2 ) and tree density 
(number/ha) of living trees in burned (B) and unburned (UB) areas 
37 years after the fire. 


Species 

Family 

Mean DBH 

(cm) 

Total basal 

area(m 2 ) 

Density 

(trees/ha) 



B 

UB 

B 

UB 

B 

UB 

Fagus orientalis 

Fagaceae 

19.7 

34.6 

40.7 

87.4 

998 

697 

Carpinus betulus 

Betulaceae 

31.2 

- 

1.7 

- 

15 

- 

Acer cappadocicum 

Aceraceae 

55.6 

- 

1.5 

- 

6 

- 

Alnus sub cor data 

Betulaceae 

53.0 

- 


- 

4 

- 

Total 


20.2 b 

34.6 a 

44.4 b 

87.4 a 

1023 a 

697 b 


Different letters indicate significant differences between B and UB in each 
tree or stand metric (a = 0.05). 



10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

Diameter classes (cm) 

Fig. 2 Diameter distribution for all species in burned (B) and unburned 
(UB) areas 37 years after the fire 

Shrub layer 

There were four and five shrub species in the B and UB areas, 
respectively. Species such as Ilex aquifolium, Ruscus hyrcanus 
and Vaccinium arctostaphylos occurred in both areas while 
Crataegus microphylla was found only in the B area, and Danae 
rasemosa and Rhamnus frangula were only in the UB area (Ta¬ 
ble 3). Total number of shrubs for Ilex aquifolium , Ruscus hyr¬ 
canus and Vaccinium arctostaphylos were significantly greater 
{p< 0.05) in the UB area than in the B area. The density of shrubs 
in the UB area was four times greater than that in the B area. 

Regeneration 

Although Alnus glutinosa was present as mature trees only in the 
B area, there was a lack of regeneration in either area (Table 4). 
In contrast, regeneration of Acer cappadocicum occurred in both 
areas even though mature trees were only present in the B area. 
In both areas, Fagus orientalis dominated the regeneration such 
that it comprised 99% of all regeneration in the B area and 98% 
in the UB area. The density of regeneration was significantly less 
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in the UB area (p< 0.05) in each size class. Total regeneration in 
B area was four times greater than in UB area. In the B area, half 
of the regeneration was in the DBH <2.5 cm class, while in UB 
area 49% of the regeneration occurred in the < 1.3 m height class. 


Table 3. Density of shrub species (number/ha) in burned (B) and 
unburned (UB) areas 37 years after the fire. 


Species 


Family 

Burned 

Unburned P 

Ilex aquifolium 


Aquifoliaceae 

192 


731 0.010* 

Ruscus hyrcanus 


Asparaginaceae 

39 


147 0.050* 

Vaccinium arctostaphylos 

Ericaceae 

17 


103 0.050* 

Danae racemosa 


Liliaceae 

- 


4 

Rhamn us frangula 


Rhamnaceae 

- 


1 

Crataegus microphylla 

Asparaginaceae 

1 


- 

Total 



249 


986 0.026* 

* An asterisk indicates a significant difference between means at the a = 0.05 

level. 






Table 4. Density of regeneration (number/ha) by size class: 1-Hieght 

< 1.3 m; 2-DBH < 2.5 cm; 3-DBH between 2.5 and 7.5cm in burned 

and unburned areas 37 years after the fire. 




species 

Height< 

DBH<2.5 cm 
1.3 

2.5cm<DBH< 

Total 

7.5cm 


B 

UB B UB 

B 

UB 

B UB 

Fagus orientalis 

640 

349 1480 280 

782 

95 

2902 724 

Carpinus betulus 

21 

14 

- 

- 

21 14 

Acer cappadocicum 

9 

2 

- 

- 

9 2 

Total 

670 a 

365 b 1480 a 280 b 

782 a 

95 b 

2932 a 740 b 


B— Burned area; UB— Unbumed area 

Different letters show significant difference between U and UB in each spe¬ 
cies. 

Discussion 

Tree layer 

In this study, fire decreased the percentage of canopy cover and 
increased the number of trees per hectare in the B area (Table 1). 
Increase in tree density occurred in the smaller DBH classes so 
that tree density below 30 cm in the B area was two times greater 
compared to the same size classes in the UB area. This result is 
just the opposite for mean DBH and basal area between the B 
and UB areas. The dominance of smaller diameter trees in the B 
area caused reductions in mean DBH and basal area compared to 
the UB area (Table 1). In a study conducted in Quebec forests, 
Smirnova et al. (2008) observed that the density of jack pine 
(Pinus banksiana ) decreased but black spruce trees increased 
significantly after a fire. Similarly, the density of trees increased 
228% 30 years after a fire in northern Arizona (Bataineh et al., 
2006). In addition, they found that percentage of canopy cover 
and average diameter decreased in the burned area (Bataineh et 
al; 2006). Our results indicate that the forest has regenerated 
itself 37 years after fire and has become a younger forest with a 
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structure that is characterized by greater densities of smaller 
diameter (< 20 cm DBH) trees. However, the overall character of 
the forests structure is that of an uneven-aged forest with a 
reverse-J distribution, despite these minor shifts in the diameter 
distribution after the fire. Fagus orientalis has regenerated and 
maintained its dominance after the fire, which has also provided 
an opportunity for other species to add diversity to the forest. 

The density of dead trees was not significantly different 
between the two areas (Table 1). Thus, any increase in dead trees 
due to the fire has become insignificant as snags have fallen and 
decayed over the past 37 years, and the growing space has been 
occupied by the ingrowth of saplings. Fire did not cause changes 
in the uneven-aged structure in the study area (Fig. 2), but it 
caused minor changes in species composition (Table 2). This 
change could be observed in the addition of three new species: 
Carpinus betulus, Acer cappadocicum and Alnus glutinosa that 
were not found in UB area. These species likely dispersed into 
the B area as seeds from adjacent forests, and they were able to 
develop in the increased light of canopy gaps where the fire had 
previously caused mortality of overstory trees. These species are 
shade intolerant and require higher levels of light than Fagus 
orientalis to grow and maintain dominance. However, Fagus 
orientalis was able to maintain dominance in the regeneration of 
the B area. In Pinus jeffreyi forests in northwestern Mexico 
(Stephens and Gill 2005) and in the Amazon forests of Brazil 
(Haugaasen et al 2003) it was found that the diameter 
distribution in burned areas resembled a reverse J or uneven- 
aged curve, suggesting that fire had not changed forest structure 
from prebum conditions. 

Fire effects on species composition are highly variable. In our 
study, fire resulted in minor increases in tree species, with Fagus 
orientalis still dominating the forest 37 years after a fire. In 
contrast Wallenius et al. (2007) observed a significant historical 
change in species composition from Pinus spp. to Picea abies in 
southern Finland. In other research on the effects of fire on 
species composition in the forests of northern Iran, Banj-Shafiei 
et al. (2010) found that fire did change the species composition. 
This is in agreement with results obtained 46 years after fire in 
North West Uganda (Nangendo et al. 2010), where a change in 
tree species composition was observed. 

Shmb layer 

The fire significantly reduced {p < 0.05) the density of shmbs in 
the B area, such that their density was 1/4 of that in the UB area. 
In fact, fire had so negatively impacted the shmbs that they could 
not recover after the fire. Decreases in shmb density were most 
likely the result of competition with tree seedlings and saplings. 
Ilex aquifolium , Ruscus hyrcanus and Vaccinium arctostaphylus 
were the dominant shmb species both before and after the fire. In 
other words, the fire did not alter the domination pattern of these 
species. Although Ilex aquifolium suffered substantial reductions 
in density in the B area, it remained the most abundant species in 
the shmb layer in both areas. Brockway and Lewis (1997) found 
that fire significantly reduced Ilex glabra in the forests of 
Georgia, U.S. They further reported that Danae racemosa and 


Rhamnus frangula existed only in unburned areas and these 
species were unable to develop again after fire because fire likely 
destroyed the seed bank of these species. Roy and Sonie (1992) 
stated that the population of Cistus salvifolius and monspeliensis 
decreased 15 years after fire. Another study of fire from the 
coastal plains of South of Carolina, U.S. found that summer fires 
decreased shmb density or removed them even after 20 years 
(Lewis and Harshbarger, 1976). Elliott et al. (1999) showed that, 
although deciduous shmbs increased and evergreen shmbs 
decreased after fire, the total number of shmbs decreased to half 
of their preburn levels in the southern Appalachians, U.S. 

Regeneration 

After fire, regeneration of vegetation is based on the potential of 
individual species to reproduce in the new environment. There 
are two main mechanisms by which populations may establish in 
a burned site - vegetative regrowth of pre-existing individuals or 
establishment of new plants from seeds (Bond and Midgley 
2001). The burned site is advantageous for Many species to 
establish new populations. The lack of competition from 
previously established plants and the increase of available 
resources (light from the canopy opening and post-fire flush of 
available nutrients) provide an advantage to species that have 
seed or plant material that survives the burn, or that are able to 
colonize the area from adjacent unburned regions (Bradstock 
1992). Therefore, colonist species with long distance dispersal 
mechanisms and the ability to establish in open habitats are 
typically good candidates to initiate the regeneration process 
(Lloret and Zedler 2007). 

The total density of regeneration was significantly greater in 
the B area (Table 4). Regeneration in the B area was four times 
more than in the UB area. Since Fagus orientalis , dominated the 
mature trees in the areas, they were able to produce prolific 
regeneration to maintain its prominence in both areas. Other 
factors that supported the dominance of Fagus orientalis 
regeneration and recmitment is the presence of existing saplings 
that could suppress new seedling reproduction, and the shade 
tolerance of the species that gives it a competitive advantage in 
small canopy gaps created by fire-caused mortality. 

Most regeneration occurred in the < 2.5 cm DBH class 
suggesting that regeneration, which initiated after the fire, has 
been able to grow to sapling size over the past 37 years. 
Development of regeneration was promoted by greater available 
light resulting from a reduction in percentage of canopy cover 
(Table 1) in the B area. Rebertus and Burns (1997) and 
Hutchinson et al. (2005) reported that burning that caused open 
conditions in the forest allows regeneration to develop for a long 
time after burning. 

Another way that fire can increase regeneration is by reducing 
the depth of litter. In the B area, the depth of litter was 
significantly decreased compared to the UB area (Table 1). Thus, 
seeds are better able to contact mineral soil, nutrients are 
released by the fire, more light is available through reduction of 
tree density, and decomposition of remaining organic matter 
provides more food germinating plants. Rinkes and McCarthy 
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(2007) found that more species establish in areas with limited 
litter than in areas with no or completely burned litters. In 
research conducted in the upland forests of the Cumberland 
Plateau, U.S., Royse et al. (2010) found that saplings increased 
after burning due to reduction in litter and more accessibility to 
light. These conditions permitted white oak ( Quercus alba) to 
develop better in burned than in unburned areas. 

Tree regeneration is favored by a decrease in shrub density, 
which provides more space and resources for saplings to grow. 
Martinez-Sanchez et al. (1998) and De Las Heras et al. (2002) 
reported that height growth and survival of Pinus halepensis 
saplings increased when shrubs were removed. In Sierra Nevada, 
U.S. mixed conifer forests, germination of Pinus lambertiana 
and P. jeffreyi in the burned area was greater than in the control 
area because of litter reduction, increase in mineral soil, and 
reduction of shrubs (Zald et al., 2008). Covington (2000) 
reported similar results. Thirty years after burning seedling 
establishment of Pinus aristata and Pinus flexilis increased, 
although there were differences between the two species 
depending on fire severity. Regeneration of these species 
continued over a long time. Fire promoted their regeneration by 
removing canopy cover shade and the litter layer (Coop and 
Schoettle, 2009). Research from monospecific to mixed forests 
after fire in Italy showed that seedlings of wind-dispersed trees 
such as maple species are found in the post-fire beech forest, 
however, their density is very low (van Gils et al., 2009). Green 
et al. (2010) studied regeneration on xeric sites on the 
Cumberland Plateau, U.S. following periodic burning, and found 
that burning improved the survival of Quercus rubra over its 
major competitor, Acer rubrum, although Acer rubrum had 
greater height growth than Quercus rubra or Castanea sativa. 

Conclusion 

We assessed the long-term impacts of a wildfire on forests 
dominated by Fagus orientalis in north of Iran. We found that 
although fire did not change the overall uneven-aged structure of 
the beech forest it changed composition slightly by allowing 
several shade intolerant, pioneer species such as Alnus glutinosa 
to convert a pure Fagus orientalis forest into a more mixed forest 
with four species: Fagus orientalis , Carpinus betulus, Acer 
cappadocicum and Alnus glutinosa. 

The considerable regeneration that has developed after the fire 
has helped to maintain the uneven-aged structure of the forest. 
The main reasons for increased tree regeneration were attributed 
to (1) reduction of litter depth, and (2) increase in available light 
from sun light and opening of the canopy and reduction in shrub 
competition. It is apparent that the forest is on a path to return to 
its natural state before the fire after 37 years. 

Fire had positive impacts in our research, especially in 
promoting more diversity in tree regeneration, and thus it can be 
used to improve forest restoration. Fire suppression in the long¬ 
term causes reduction in diversity and regeneration. It is 
important to better understand fire impacts on forest structure 
and other components. 
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